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Abstract 
The effects of long-term fasting on the oxidative stress and antioxidant defenses in juvenile Chinese sturgeon 
(Acipenser sinensis) were studied. The oxidative stress biomarkers included lysozyme (LSZ), the ability of inhibiting 
hydroxyl radicals (AIHR), and total antioxidant capacity (T-AOC). The juvenile Chinese sturgeon were fasted for 24 
hours at first. Blood samples were taken from fish a total of 8 times, upon sampling every 6 days during the 
remaining 48-day starvation period. The LSZ activity of juveniles generally increased as the starvation time increased. 
Furthermore, a significant difference in the LSZ activity of juveniles starved for 43 days was found compared with 
four groups starved for 1−19 days. In addition, the AIHR of juveniles first increased and subsequently decreased over 
the course of starvation. Specifically, the AIHR of juveniles was significantly higher in fish after 19 days of 
starvation than in fish sampled after 37 days of starvation, although there were no other significant differences among 
the levels for the other groups. The variation of the T-AOC levels of juveniles was higher during the earlier stage of 
starvation, and was decreased after 19 days of starvation. However, there were no significant differences among the 
T-AOC groups, except the T-AOC of juveniles starved for 13 days was significantly higher than that of fish starved 
for 37 days. It’s concluded that long-term fasting influenced the antioxidant capability of juvenile Chinese sturgeon. 
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1. Introduction 
Starvation is a major threat that fish often face in their natural aquatic ecosystem, especially during 
times of breeding and migration. In general, fish have a stronger ability to endure starvation than 
mammals. Some fish can even survive for several months without consuming food, but once starvation 
reaches a certain point, it is known to influence fish growth, activity, and survival. Studies have shown 
that fish enter a special anti-stress status during starvation, in which their metabolism and physiological 
function in vivo greatly change. Of note, fish naturally adopt various survival strategies to maintain their 
general activities. The immunity and antioxidant ability are the most important physiological functions in 
fish for avoiding disease. It is feasible to observe changes of immunity and antioxidant ability in fish by 
monitoring various related indicators. Lysozyme (LSZ) is one of the important immunity factors that fish 
have for resisting pathogenic infection [1]. In addition, the ability of inhibiting hydroxyl radicals (AIHR) 
is particularly important for maintaining fish health, because the metabolism of organisms continuously 
generates free radicals that easily result in damage of tissue [2]. Finally, the total antioxidant capacity (T-
AOC) of fish reflects the metabolic capability of both the antioxidant enzymatic system and the non-
enzymatic system to external stress [3]. 
Chinese sturgeon (Acipenser sinensis Gray 1835) is an anadromous species that lives in the Yangtze 
River (Changjiang River) [4]. This species has been added to the International Union for Conservation of 
Nature (IUCN) Red List of Threatened Species, and was given a Category I State Protection in China [5]. 
The juveniles are typically known to concentrate at the estuary during the period from May to September. 
After September, the juveniles swim into the sea to grow until they come back into the Yangtze River in 
the reproductive migration. Based on this timeline, it takes juvenile Chinese sturgeon approximately five 
months to develop their capacity for osmoregulation in the estuary [6]. However, due to overfishing, 
water pollution, beach reclamation, and human activity, the fishery biomass in the Yangtze River estuary 
has declined significantly in recent years [7]. Therefore, juvenile Chinese sturgeon faces the threat of 
scarce food and starvation in the estuary. These issues may ultimately lead to a decline in the stock 
quantity of juvenile Chinese sturgeon. 
It has been shown that decreasing the immunity and antioxidant ability of juvenile Chinese sturgeon 
during their growth may cause the onset of many diseases, including bacterial septicemia, trichodiniasis, 
fin rot, and enteritis disease. Sometime these diseases will led directly to fish death [8]. In the present 
study, the effects of long-term fasting on the immunity and antioxidant ability of juvenile Chinese 
sturgeon were examined. The primary purpose was to clarify the influence of long-term fasting on the 
physiological function of Chinese sturgeon, ultimately to reduce the mortality of juvenile Chinese 
sturgeon. These findings could provide information both for evaluating the physiological adaptation 
mechanism of Chinese sturgeon to environmental stress and for taking necessary measures for preserving 
juvenile Chinese sturgeon in the estuary. 
2. Materials and Methods 
The fish used in the experiment were juvenile Chinese sturgeon artificially bred in the winter of 
2007. Chinese sturgeon was fed a commercial diet (Shandong Shengsuo Feed Company, Yantai City, 
China) to apparent satiety 3 times per day (08:00, 14:00, and 20:00). A total of 60 healthy fish (7 months 
old)  was used, with a mean body length of 16.0 ± 0.8 cm and a mean body weight of 21.00 ± 4.01 g. 
During the course of the experiment, the water temperature, pH, and dissolved oxygen measured daily 
were 19.2 ± 1.4 ºC, 7.4 ± 0.3, and 6.1 ± 0.5 mg/L, respectively. The fish were exposed to a 12-h light-
dark photoperiod using overhead fluorescent lights. 
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Before performing the experiment, all fish were starved for one day. Thereafter, the fish were 
continuously in a state of food deprivation. Sampling was carried out every 6 days, and 6 fish were 
randomly sampled at each time. Prior to blood sampling, the selected fish were first anaesthetized with 
100 mg/L of MS-222. Fish were immersed in the anesthetic solution until they reached a stage of 
complete immobility, and blood was subsequently sampled from the blood vessel just below the anal fin 
with a 2-mL sterile syringe. The blood was injected into separate centrifuge tubes and stored at 4 °C. 
After preliminary delamination, the blood was separated by centrifugation at 10 000 g for 10 minutes 
until it was completely stratified. The clear serum on the upper layer of the solution was then transferred 
into a new centrifuge tube by pipette for measurement. 
The levels of LSZ, AIHR, and T-AOC were determined with respective kits bought from Nanjing 
Jiancheng Bioengineering Institute (Jiangshu province, China), according to the manufacturer’s 
instructions. For measurement of LSZ, serum, kit reagents, and distilled water were mixed uniformly and 
placed into a 37 °C water bath for 15 minutes. Subsequently, the mixtures were placed into a 0 °C ice-
water bath for 3 minutes, and were further transferred into 1-cm cuvettes for analysis. Of note, before 
each measurement the transmittance of spectrophotometer should be adjusted. For measurement of AIHR, 
serum was uniformly mixed with kit reagents, application solution, and double distilled water. Then the 
mixture was placed into a 37 °C water bath for 1 minute. Subsequently, developer was added to the 
solutions and thoroughly mixed the samples. The samples were left at ambient temperature for 20 minutes 
and then were determined. For measurement of T-AOC, serum and kit reagents were mixed uniformly 
and placed into a 37 °C water bath for 30 minutes. The samples were then left at ambient temperature for 
10 minutes and then were determined by spectrophotometer. 
AIHR and T-AOC measurement were defined as follows: One unit of AIHR was defined as a 1 
mmol/L reduction of the H2O2 concentration in the reaction system that was caused by serum per milliliter 
reacting at 37 °C for 1 minute; One unit of T-AOC was defined as a 0.01 increment of absorbance (OD) 
of the reaction system caused by serum per milliliter reacting at 37 °C for 1 minute. Data are presented as 
the mean ± standard deviation for each treatment group. The differences among the means were analyzed 
by a one-way analysis of variances, followed by Duncan’s multiple range tests. Differences were 
considered significant at P < 0.05. All analyses were performed with Statistics software, version 6.0 
(StatSoft Inc., USA). All figures were constructed with Microsoft Excel software, version 2003 
(Microsoft Corp., USA). 
3. Results 
The LSZ activity of juveniles generally increased as starvation time increased. On the first day of 
starvation, the LSZ activity was at its minimum with a value of 5.625 ± 1.580 ȝg/mL. After 43 days of 
starvation, the LSZ activity reached its maximum with a value of 8.810 ± 0.514 ȝg/mL. Significant 
differences were found in the LSZ activity of juveniles starved for 43 days and those of the four groups 
starved for 1−19 days. No other significant differences existed among the other groups (Figure 1-a). 
Furthermore, with the starvation time increased, in general, the AIHR of the juvenile Chinese 
sturgeon first increased and subsequently decreased. However, the AIHR of the juveniles starved for 19 
days was significantly higher than that of the fish starved for 37 days, although there were no other 
significant differences among the other groups. In summary, the AIHR value across the entire experiment 
fluctuated between 3086.4 ± 99.7 and 2481.1 ± 467.0 U/mL (Figure 1-b). 
During the initial time points of starvation, the T-AOC levels of the juvenile Chinese sturgeon were 
higher and more variable than later in the starvation period, whereas the T-AOC levels were lower and 
steadier after 19 days of starvation. Of note, the T-AOC of juveniles starved for 13 days was significantly 
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higher than that of the fish starved for 37 days, although no significant differences were found among the 
other groups. In summary, the T-AOC value over the course of the experiment fluctuated between 3.929 
± 1.536 and 1.848 ± 0.436 U/mL (Figure 1-c). 
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Fig. 1. (a) Effects of starvation on lysozyme activity in juvenile Chinese sturgeon. (b) Effects of starvation on the ability of 
inhibiting hydroxyl radicals in juvenile Chinese sturgeon. (c) Effects of starvation on the total antioxidative capacity in juvenile 
Chinese sturgeon. Fish were starved for 1 day and continuously in a state of food deprivation. Sampling was carried out every 6 
days. Different letters indicate significant differences among groups (P<0.05). 
4. Discussion 
It has been established that food deprivation enhances aging, toxicity to chemicals, and morbidity 
under certain pathological situations [9]. These effects may be mainly attributed to the participation of 
reactive oxygen species (ROS) that are generated by starvation, which is known to lead to oxidative stress 
[10]. Oxidative stress appears in the tissues of fish when pro-oxidant forces overcome antioxidant 
defenses of fish and ROS are not adequately removed [11]. Living organisms can be protected from ROS 
by various defense systems. It is established that the components of these systems typically involve 
antioxidant compounds (e.g., NADH / NADPH, glutathione) and dietary micronutrients (e.g., vitamins E 
and C, carotenoids). Other components are the antioxidant enzymes that include free radical scavenging 
enzymes (e.g., catalase, superoxide dismutase) and associated enzymes (e.g., glutathione reductase) [12]. 
Most existing studies have instead been performed in advanced bony fishes [13]. However, very little 
research has focused on examination of sturgeon and the oxidative stress biomarkers LSZ, AIHR, and T-
AOC. As primitive osteichthyans, sturgeon represent an important evolutionary link between the 
primitive elasmobranchs and more advanced teleosts, and have survived more than 100 million years on 
Earth [14]. Therefore, the effects of starvation on the oxidative stress and antioxidant defenses in juvenile 
Chinese sturgeon deserve investigation and some unique information could obtain from them.  
LSZs are enzymes that damage bacterial cell walls by catalyzing the hydrolysis of 1,4-beta-linkages. 
LSZ activity has previously been detected in serum, organs, and eggs of fish species [15]. Two LSZs have 
previously been purified and LSZ cDNA has been cloned from the head kidney of rainbow trout 
(Oncorhynchus mykiss) [16]. Furthermore, Fevolden et al. suggested that increases in LSZ activity could 
be interpreted as a response signal to stress in fish, and that the activity change was dependent on the type 
and intensity of the stress [17]. In contrast, Mock et al. reported that chronic stress resulted in a reduced 
LSZ activity [18]. Therefore, it seems that the trends of LSZ activity changes may vary for different fish 
species, and upon different stressors. In the present study, as the starvation time increased, the LSZ 
activity of juvenile Chinese sturgeon generally increased. This finding suggests that the non-specific 
immunity of Chinese sturgeon was fairly maintained during the starvation period. 
ba c
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Free radicals are particularly unstable and lively, and have the unique oxidation characteristic of 
attacking adjacent molecules, which form chain reactions, and ultimately damage tissues. Of the ROS, 
hydroxyl radicals are the most reactive oxygen radicals. In general, these radicals are considered to be a 
harmful byproduct of oxidative metabolism, which can cause molecular damage in living cells [19, 20]. 
Previous studies showed that AIHR may indirectly reflect the activity of hydroxyl radicals; the correlation 
between AIHR and hydroxy radical activity was negative [21]. In the present study, after longer-term 
starvation, the AIHR of juvenile Chinese sturgeon decreased, and thus the threat of free radicals increased, 
whereas the immunity of fish was likely reduced.  
The antioxidant system of animals contains both an enzymatic system and a non-enzymatic system. 
It is appropriate potentially to determine the T-AOC of tissue homogenates, rather than going through the 
lengthier process of identifying changes in each component of the antioxidant system [22]. Several 
methodologies have been used to determine the T-AOC of various biological samples [23]. For fish, the 
T-AOC level could reflect the oxidation resistance capability and is associated with the health status. In 
the present study, the T-AOC of juvenile Chinese sturgeon was decreased after long-term starvation. One 
possible explanation for these results is as follows: as the starvation time was extended, the amount of 
free radicals in juveniles increased, and some effective substances were subsequently reduced, likely due 
to catabolism for inhibiting oxidation of exogenous electrophilic groups and avoiding lipid peroxidation, 
which ultimately resulted in reduced T-AOC measurements. A previous report showed that crucian carp 
(Carassius auratus) contaminated with sodium nitrite for 96 h consumed large amounts of antioxidant 
substances to prevent toxicity. As a result, the T-AOC of these fish was significantly reduced [24]. 
Starvation is a threat that fish often face in their native aquatic ecosystems, which affects their 
reproduction, development, growth, and survival. During starvation, fish goes into a special anti-stress 
status due to the lack of available energy. Specifically, all physiological metabolism in fish undergo a 
variety of changes, including those relevant to enzymatic activity, energy substance composition, blood 
biochemistry, ammonia excretion rate, and many others [25]. In the present study, LSZ activity of 
juvenile Chinese sturgeon was fairly well maintained at a high level during starvation, whereas AIHR and 
T-AOC were reduced, which would likely influence the survival capability of juvenile Chinese sturgeon 
in their natural waters and would ultimately result in their death. Therefore, during periods of artificial 
culture and rescue of juvenile Chinese sturgeon, the threat of starvation to juveniles should be prevent. If 
juveniles are in a state of starvation, humans could intervene by adding of adequate feed and some other 
active substances (e.g., chitosan, probiotics) to improve the oxidation resistance of the fish. Previous 
reports showed that after chitosan and microbioecologics were added into feed bait of fishes, their 
infection resistance to disease increased [26, 27]. 
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